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{571 ABSTRACT

A method of making a metal oxide semiconductor
large scale integration circuit incorporating both par-
allel and series gate matrix circuits using a self-
alignment technique is provided, wherein a plurality of
diffused regions of a conductivity type opposite to that
of a silicon substrate are formed in the silicon sub-
strate to extend substantially parallel to one another, a
silicon dioxide layer as a field oxide layer is formed
over the entire surface area of this structure, a hole is
cut into the dioxide layer at each of selected portions
thereof lying between the diffused regions, a gate
oxide layer is formed in each of the holes, and then a
plurality of gate electrode layers are strip shaped and
located transverse to the diffused regions with each of
the gate oxide layers having at least a portion of the
associated gate electrode layer placed thereon,
thereby providing a plurality of MOS field-effect tran-
sistors. This method makes it possible to produce par-
allel gate matrix circuits by the use of a diffusing mask
for self-alignment as a mask pattern for forming the
gate oxide layer.

1 Claim, 10 Drawing Figures
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METHOD OF MANUFACTURING PARALLEL
GATE MATRIX CIRCUITS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of applica-
tion Ser. No. 340,253 filed on Mar. 13, 1973, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for fabri-
cating a parallel gate matrix circuit in a self-alignment
type metal oxide semiconductor large scale integration
circuit (hereinafter referred to-as MOS LSI).

2. Description of the Prior Art

In the MOS LSI, in order to reduce a parastic capaci-
tance in the circuit to improve a frequency characteris-
tic thereof, a method for manufacturing transistors by a
so-called self-alignment technique has been frequently
used.

FIG. 1 of the accompanying drawings is a sectional
view of an MOS field-effect transistor fabricated in a
silicon substrate by a conventional self-alignment tech-
nique, and the MOS field-effect transistor comprises a
gate section consisting of a gate oxide layer 2 formed
on a silicon substrate 1 having a type of conductivity
and a gate electrode layer 3 formed on the gate oxide
layer 2, and a drain region 4 and a source region 5 each
having a type of conductivity opposite to that of the
srlrcon substrate.

"'In the figure, numeral 6 desrgnates a silicon dioxide
layer formed during the diffusion processing of the
drain and source regions, which constitutes a field
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oxide layer as usually known. With the self-alignment .

technique, it has been customary to use a material, e.g.,
polycrystalline silicon or molybdenum for the gate
electrode layers so that the gate section consisting of
this gate electrode layer and the gate oxide layer
formed thereunder serves as a mask during the diffu-
sion of the drain and source regions.

In an MOS field-effect transistor fabricated in this
manner, there is practically no drain and source regions
formed in overlapping relation directly under the gate
section and thus this type of MOS field-effect transistor
has a reduced effective capacitance per unit area of
gate and an improved frequency characteristic.

FIGS. 2a and 2b illustrate an enlarged portion of a
large scale integration circuit fabricated by utilizing the
self-alignment technique described above, with FIG. 2a
showing a plan view of the enlarged portion and FIG.
2b showing a sectional view taken along the line A — A
of FIG. 2a.

In FIG. 2a, numerals 7, 8, 9 and 10 designate gate

- electrode layers consisting of molybdenum, for exam-
ple, and diffused regions (hatched portions) having a
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seen from this figure, each of the diffused regions pro-
vides a drain region and a source region for different
ones of the MOS field effect transistors. Numerals 17
through 20 designate the gate oxide layers.

The application of this self-alignment technique re-
sults in the fabrication in a silicon substrate of a plural-
ity of MOS field-effect transistor groups each thereof
having their gate-electrodes connected.in common,

Consequently, if it is desired to produce a matrix
circuit by utilizing the MOS field-effect transistors fab-
ricated in a silicon substrate in this way, the resultant
matrix circuit must take the form of a series gate cir-
cuit.

In short, a drawback of the prior art self-alignment
fabrication method is that it is impossible to manufac- -
ture parallel gate type matrix circuits. '

SUMMARY OF THE INVENTION

The present invention intends to ‘overcome that
above difficulties and inconveniences.

Therefore, the object of the present invention is to
provide a method for fabricating a parallel gate matrix
circuit in a self-alignment type MOS LSI circuit array
without requiring any special mask while allowing. the
use of a diffusing mask for self-alignment as a mask
pattern for forming a gate oxide film:

A novel feature of the method according to the pre-
sent invention is that the fabrication of parallel gate .
matrix circuits which has heretofore been impossible
with only the conventional self-alignment fabrication
method is made possible and moreover the frequency
characteristic of parallel gate matrix circuits obtainable
by this. method is comparable in.every respects with
that of circuits obtainable by the conventional -self-
alignment fabrication method. Thus, the method ac-
cordmg to.the present invention is a very great advan-
tage in the fabrication of matrix circuits in large scale
integration circuits.

Other objects, features and advantages of the present
invention will become apparent from the description of
the following preferred embodiment when taken. in

- conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1.is sectional view showing an MOS field-effect
transistor fabricated by a conventional self-alignment
technique;

FIGS. 2a and 2b illustrate respectively a plan view

_ and sectional view of an enlarged portion of a large
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" type of conductivity opposite to that of the silicon sub-
strate are formed on both sides of the respective’ gate '

electrode layers. In the construction shown in FIG. 2a,
the diffused regions are indicated by numerals 11
through 15. Thus, MOS field-effect transistor is pro-
vided by each gate electrode layer portion having the
diffused regions formed on both sides thereof as shown
at 16 in the figure.

FIG. 2b is a sectional view taken along the line A —
A of FIG. 2a to more clearly show the structure of the
fabricated MOS field-effect transistor and, as will be
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scale integration circuit fabricated by the conventronal
self-alignment technique;

FIGS. 3a and 3b illustrate respectively a plan view
and sectional view of an enlarged portion of a parallel
gate matrix circuit fabricated by a method according to
the present invention; and

FIGS. 4a to 4e illustrate the fabrication steps of a
MOS field-effect transistor for a parallel gate matrix
circuit according to the method of the present inven- .
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENT .

The method for manufacturing the parallel gate ma-
trix circuit in accordance with: the present invention
will now be described wrth reference to the accompa—
nying drawings.

FIGS. 3a and 3b show a fragmentary sectronal view in
an enlarged scale and plan view, respectively, ‘of an
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MOS LSI including a parallel gate matrix circuit
formed in accordance with the method of the present
invention. In the drawings, reference numerals 21 to 23
designate diffused regions of opposite conductivity
type to that of a silicon substrate 1 which have been
preformed in the silicon substrate 1, 24, 25 and 26
designate gate electrode layers formed in transverse
relation to the diffused regions 21 to 23, 27 to 30 desig-
nate regions which function as gates of MOS field-
effect transistors constituting the parallel gate matrix
circuit PG. For example, at region 31 an MOS field-
effect transistor is formed. Reference numerals 32, 33
and 34 designate other gate electrode layers, hatched
areas 35, 36 and 37 designate impurity doped regions
for forming self-alignment transistor, 38 and 39 desig-
nates regions which function as gates of MOS transis-
tors of non-self-alignment type, like 27 to 30, and 40 to
45 designate MOS field-effect transistors formed by the
self-alignment technique.

. FIG. 3b.shows a sectional view taken along the line B
— B of FIG. 3a to more clearly illustrate the construc-
tion of the MOS field-effect transistors forming the
parallel gate matrix circuit in accordance with the pre-
sent invention. As shown therein, gate oxide films 47,
48 and 49 are formed in openings formed by partially
removing a silicon oxide film 46 constituting a field
oxide film which covers the entire surface of the silicon
substrate 1 in which the diffused regions 21, 22 and 23
are formed. On the gate oxide films 47, 48 and 49 a
gate electrode layer 25 is overlaid. At the region where
the gate oxide film 49 is arranged, the self-alignment
type MOS field-effect transistor 44 is formed through a
subsequent diffusion process. In the present method,
the diffusinig mask for self-alignment can also be used
as a mask pattern for forming those regions 27 to 30
and 38, 39 which function as the gates of the non-self-
alignment type MOS field-effect transistors. That is, all
processes other than the process for performing the
diffused regions 21, 22 and 23 can be in common with
the process relating to the self-alignment.

FIGS. 4a to 4e illustrate the fabrication steps of this
MOS field-effect transistor and the structure shown in
FIG. 3 is obtained through the following fabrication
steps.

The diffused regions 22 and 23, for example, having
a type of conductivity opposite to that of the silicon
substrate 1 are first formed in the silicon substrate 1 to
extend substantially parallel to each other (FIG. 44a). In
the course of this diffusion process, the silicon dioxide
layer 46 (field oxide layer) is formed over the entire
surface area of the silicon substrate as shown in FIG.
4b.

Thereafter, the silicon dioxide layer covering the
silicon substrate is removed at selected portions thereof
between the diffused regions 22 and 23 to form open-
ings or holes 50 and 51 as shown in FIG. 4c. The holes
can be formed at the same time with the formation of
diffusing windows using a diffusion mask for self-align-
ment.

The holes formed in the silicon dioxide layer deter-
mine the positions where MOS field-effect transistors
are to be provided and hence the construction of a
matrix circuit, and therefore it is important that the
holes are cut in consideration of a matrix circuit to be
fabricated into the silicon substrate.
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After the formation of the holes 50 and 51, gate
oxide layers 48 and 52 are formed respectively in the
holes 50 and 51 (FIG. 4d) and then the gate electrode
layers 24 and 25 are formed as shown in FIG. 4e. In this
way, MOS field-effect transistors may be provided only
at desired portions of the silicon substrate.

While, .in. the method: of this invention so far de-
scribed, the diffused regions preliminarily formed in
the silicon substrate have been utilized as the drain and
source regions, as shown in FIG. 4e, in the MOS field-
effect transistor thus obtained practically’there is no
drain and source regions formed in overlapping rela-
tion directly under the gate section and thus this type of
MOS field-effect transistor has reduced effective ca-
pacitance per unit area of gate as in the MOS field-
effect transistors fabricated by the conventional self-
alignment technique. In other word, the MOS field-
effect transistor fabricated in accordance with the
method of this invention has an improved frequency
characteristic.

‘Furthermore, since the fabrication of MOS field-
effect transistors according to the method of this inven-
tion is substantially dependent on the formation of gate
sections -and since the formation of gate sections is
effected selectively, any desired parallel gate matrix
circuit may be fabricated simultaneously with the fabri-
cation of MOS field effect transistors depending on the
selection of positions where gate sections are to be
formed. . o

From the above-mentioned description it should be
appreciated that the present method involves taking
the steps shown in FIGS. 4a to 4c in order. to form
parallel gate MOS transistors and then fabricating se-
ries gate matrix circuits by the self-alignment method
using the extended polysilicon or molybdenum layers
24, 25 and 26 as shown in the drawings and the mask
oxide layer 46 used for formation of the gate oxide film
in the parallel gate MOS transistors by non-self-align-
ment technique is also used as the diffusing mask for
fabricating the series MOS transistors by the self-align-
ment technique.

I claim: :

1. A method for fabricating a parallel gate matrix
circuit in a self-alignment type metal oxide semicon-
ductor large scale integration circuit, said parallel gate
matrix circuit including a silicon substrate, a plurality
of diffused regions of opposite conductivity-type to that
of the silicon substrate and a plurality of gate electrode
layers arranged transversely to said diffused regions to
form metal oxide semiconductor field-effect transistors
at crosspoints thereof, said method comprising the
steps of forming said plurality of diffused regions ex-
tending in parallel to each other; covering the entire
area of the silicon substrate surface in which said dif-
fused regions are fabricated with a field oxide film; then
farming openings at required portions of the area of
said field oxide film between said diffused regions si-
multaneously with the formation of diffusing windows’
using a diffusion mask for self-alignment; forming a
gate oxide film in said openings; and thereafter forming
a polycrystalline silicon or molybdenum gate electrode
layer in transverse relation with said extended diffused
regions, at least a portion of said gate electrode layer
lying on said gate oxide film, whereby metal oxide
semiconductor field-effect transistors are formed in

only those areas where said gate oxide film is formed.
* %* * * *




